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Abstract
In this paper, we apply grey correlation analysis to choose the key factors that affect the change of railway dry bulk 
container transport volume. And we apply combined forecasting model of multivariable grey MGM (1, 5) and three 
times exponential smoothing to forecast the transport volume in the coming five years, the forecasting accuracy is 
better.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer]
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1.Introduction 
Dry bulk container is main one of the railway special containers. Transport volume is an important 
statistic index in the systems of marketing. And it supplies the important criterion for special containers 
investment and configuration. Therefore, forecasting transport volume development trend is the premise 
and basis when you optimize the supply program of the special container. And there is an important 
effect to improve the operation efficiency.
2.Combination Forecasting Method 
 Combination forecasting method is that predicts the same problem through two or more different 
forecasting methods, and then selects proper weight to these forecasting results, and gets the final 
forecasting results by weighted average. Combination forecasting is based on group biggest information-
using and aggregates the advantages of various single models to perfect match in order to improve the 
forecasting results. In this paper, we apply three times exponential smoothing prediction model and 
multivariable grey prediction model (MGM (1, N)) to forecast railway dry bulk container transport 
volume in the coming five years. 
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2.1.Three Times Exponential Smoothing Prediction Method 
Exponential smoothing is an important time series forecasting method. It can remove the 
contingency changes of the time series and improve the important degree of recent dates in prediction. It 
has a lot of advantages such as simple calculationΕfewer samples requestΕgood adaptabilityΕmore 
stable result. It can not only apply to the short-term prediction, but also medium to long-term. Formula is 
as follows: 
   1
1
1 )1(  ttt SyS DD
     2
1
12 )1(  ttt SSS DD
     3
1
23 )1(  ttt SSS DD
Where 
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tS is one time smooth index, 
 2
tS is two times smooth index, 
 3
tS is three times smooth 
index, D is smooth parameter. When the time series {yt} have quadratic curves tendency from 
beginning of one moment, we can use quadratic curves trend model to predict.  
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2.2.MGM (1, N) Method 
Application of multivariable grey model (MGM (1, N) model), describe variables affecting railway 
dry bulk container transport volume from the point of system. Its principle is as follows. 
Assuming nonnegative raw data sequence : Xΰ0α={ Xΰ0α(1),Xΰ0α(2),…,Xΰ0α(n)},then 1-AGO 
sequence of Xΰ0α is: X(1)={ X(1)(1), X(1) (2),…,X(1)(n)}, including Xΰ1α(k)= Xΰ1α(k-1)+ Xΰ0α(k),
ΰk=1,2,…,nα, n is numbers of observation data ,here xΰ0α(k)=( x1ΰ0α(k),x2ΰ0αΰkα,…,xmΰ0α(k)),T is 
m dimension columns. 
If
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Then multivariable grey model of dynamic differential equation can be expressed as: 
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1( ) | (1)tX t X  , the continuous-time 
response function of dynamic differential equations model is: 
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In order to get the model parameters estimation, need to convert the differential equations into 
discrete form, thus, can get parameters estimation, if written D = (A, B) T, if LTL is reversible, then using 
least-square method can get D estimate: 
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Thus can get achiered value A^ and B^ of parameters A and B. Set d ^ as staying estimated 
parameters, d ^ = [a, b1, b2, ..., bn -1] .Then a parameter estimation can get multivariable grey forecasting 
model MGM (1, N): 
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2.3.Combination Forecasting Model 
Forecasting results can be improved by combination forecasting. Combination forecasting core is 
that how to ask out weight. The paper chooses variance countdown method to determine the weight 
coefficient ri, means: 
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, including Dii for predictive error variances squares of the first i item 
forecasting model.  
Thereby obtain combination forecasting model for: y(t)=r1y1(t)+r2y2(t), including y (t) for 
combination forecasting results, y1 (t) for forecasting results of three times exponential smoothing, y2 (t)
for multivariate grey forecasting MGM (1, N) results, t for time. 
3.Choice of Influence Factors 
Dry bulk container transportation is commonly effected by externally market demand and internal 
transport system supplies and other variety of factors. In general, could be divided into: GDP, industrial 
output Value, traffic and transportation added value, optimal container source (cement, fertilizer) 
production, BDI index, length of railroad lines in service, railway container transport volume etc. 
Consider totally the influence of macroscopic factors, and calculate grey correlation process by choice of 
these influence factors (see table 1). 
When the resolutions 0.5[  , select influencing factors of correlation degree R in 0.6 above, 
respectively are industrial added value, traffic transportation added value, cement output, chemical 
fertilizer output and chemical fertilizers railway transport volume. 
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TABLE 1 Data Associated with Dry Bulk Container TRANSPORT VOLUME 
Year
Industri
al added 
Value/
trillion
yuan
BDI
Traffic 
Transpo
rtation
Added
Value/
trillion
yuan
Cement 
Output/
Ten
billion
tons 
Fertilize
r
Output/
Ten
billion
ton 
Chemica
lˈ
fertilizer
s railway 
transpor
t
volume/t
en
million 
ton 
length of 
railroad
lines in 
service /ten 
thousand
KM 
  Container 
sending
volume/ 
ten
thousand
TEU
Dry bulk 
containe
r
Sending
volume 
/ten
thousand
TEU
2002 53 1733 5.51 7.25 3.791 5.942 7.19 261 0.7 
2003 62 4765 6.53 8.62 4.200 5.981 7.3 310 1.29 
2004 72 4589 7.78 9.7 4.469 6.804 7.44 311 2.35 
2005 86 2407 13.8 10.6 5.220 7.815 7.54 277 4.83 
2006 102 4397 12.03 12.4 5.593 8.059 7.71 316 10.36 
2007 121 9143 13.65 13.6 5.788 8.919 7.8 360 14.31 
2008 146 774 16.59 14 6.013 8.398 7.97 346 16.39 
2009 157 3005 17.05 16.5 6.600 8.359 8.6 350 17.62 
Association 0.624 0.585 0.63 0.625 0.625 0.624 0.592 0.508 - 
Note: data from 2009, the China statistical yearbook information 
4.Forecasting Results 
4.1.Three Times Exponential Smoothing Forecasting Results 
Three times exponential smoothing prediction model for: 
2(8 ) 1 7 .6 2 0 .0 2 4 4 9 0 .0 0 0 2 2 5y t t t   
 Substitute table 1 data to the model, it is concluded that the predicted results data in table 2: 
TABLE 2 2010-2014 DRY BULK CONTAINER TRANSPORT VOLUME PREDICTED BY THREE TIMES EXPONENTIAL SMOOTHING 
MODEL
Year 2010 2011 2012 2013 2014 
Transport 
volume 
17.65 17.67 17.69 17.72 17.74 
4.2.MGM (1, 5) Forecasting Results 
According to the table 1 data, calculate 2010-2014’s five variables by using gray residual correction 
prediction, predict the future five years transport volume by Matlab software and results such as shown in 
table 3. 
TABLE 3 MGM (1, 5) forecasting results 
Year 2010 2011 2012 2013 2014 
Industrial added 
Value/trillion yuan 
160.6848 181.2655 203.7637 228.3581 255.244 
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Traffic 
Transportation  
Added Value/trillion 
yuan 
14.95917 17.06055 19.45243 22.17495 25.27383 
Cement Output/Ten 
billion tons 
16.51956 18.35165 20.37211 22.60031 25.05761 
Fertilizer Output/Ten 
billion ton 
6.77855 7.209063 7.647606 8.094331 8.54939 
Chemical fertilizers 
railway transport 
volume /ten million 
ton
8.859285 9.087871 9.28511 9.455301 9.602154 
Dry bulk container 
Sending volume / ten 
thousand TEU 
19.20 21.00 24.96 27.97 34.01
4.3. Combination Forecasting Results 
Through calculating the residual variance of single forecasting model, determine combination 
forecasting weight. 
1) Three times exponential smoothing prediction squared residuals: D11 = 9.877885 
2)MGM grey prediction squared residuals: D22 = 7.962294 
3)Using weight calculation formula:
1 1
1
1 1 2 2
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1 1
D
r
D D
 

=0.446312
In a similar way, r2=1-r1=0.553688
Then we have combination forecasting model for: y(t)=0.446312y1(t)+0.553688y2(t)
Bring the known data into this model and results such as shown in table 4, 
TABLE 4 Combination Forecasting Results 
Year 2010 2011 2012 2013 2014 
Combination 
Forecasting
Results/ten
thousand tons 
18.50 19.52 21.72 23.39 26.75 
5.Data Test Analysis 
The forecast results are tested from the two views of poster checking and goodness-of-fit. 
5.1. Poster Checking Test 
See table 5. 
y Standard Deviation of the Original Data X (0) : 
(0)X =1/8ΰ0.7+1.29+2.35+4.83+10.36+14.31+16.39+17.62α=8.48125
2
0 ( 0 )
1
( )
1
X i X
S
n
ª º¬ ¼ 

¦
=7.380211
y Standard Deviation of Residual: 
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(0)' =1/8ΰ0+0.091+0.361+0.983+1.963+1.215+1.331+0.417α=0.795125
2
0 ( 0 )
2
( )
1
i
S
n
ª º'  '¬ ¼ 

¦
=0.688906
y Calculate C: 
C=S2/S1=0.688906/7.380211=0.097881<0.35, it has a better forecast accuracy. 
y Calculate the Minimum Error Probability: 
S0=0.6745*S1=4.747273
0 ( 0 )( )ie i '  ' ={0.79513,0.70413,0.43413,0.187875,1.167875,0.419875,0.535875,0.37813},e
is less than S0, so P = 1, C < 0.35, y (t) = 0.446312 y1 (t) + 0.553688 y2 (t) model has a better forecast 
accuracy.
5.2. Goodness-of-fit Test 
Total deviation sum of square TSS: 
2 2( )i iTSS y Y Y  ¦ ¦
Residual sum of squares RSS: 
2 2ˆ( )i i iRSS e Y Y  ¦ ¦
Coefficient of determination R2 = 1 - RSS/TSS 
Calculated goodness-of-fit value R2 = 0.916596, close to 1, explain prediction accuracy is higher, pass 
the test. 
6.Conclusion 
The railway special container is designed in order to meet the goods demand for special transport .It 
is one kind of specific purpose container with special structure and equipment. And it has a broad 
prospect. In this paper, we apply combined forecasting model of multivariable grey forecasting model 
and three exponential smoothing to forecast the dry bulk container transport volume. In the result, it has a 
higher forecasting accuracy. That is one reference for other kinds of special container transport volume 
prediction and the investment of dry bulk container. 
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TABLE 5 residual data table 
Year 2002 2003 2004 2005 2006 2007 2008 2009 
actual value 0.7 1.29 2.35 4.83 10.36 14.31 16.39 17.62 
analogue value 0.7 1.199 1.989 3.847 8.397 13.095 15.059 17.203 
residual data 0 0.091 0.361 0.983 1.963 1.215 1.331 0.417 
